Summary: This study was conducted to determine the relations between seed color (the L, a and b values) and nutritional composition of dry bean genotypes. A total of 39 dry bean genotype seeds which are widely grown in Turkey were used as material. Color tests were made with three replications on 50 seeds of each genotype by color meter. Significant and positive correlations were found between all the tested minerals (Ca, B, Cu, Fe, K, Mg, Mn, Mo and P) at the level of p<0.01. Ratio of protein showed a level of p<0.05 positive correlation coefficient with Cu (0.239) and P (0.277). According to the correlation analysis, the color of the seed coat and cotyledon showed insignificant correlations with nutritional composition. For the present study, it can be concluded that the color of common bean seeds did not give sufficient information about mineral composition. Path analysis showed that copper (Cu) and phosphorus (P) were important nutrients at the statistically important level of 5% with the positive correlation values of 0.239 and 0.277, respectively. These elements are important for increase of the protein ratio in common bean genotypes.
Introduction
Legumes are known as a rich protein source and are provided as a main nutrient in many regions of the world. They have an important place in human nutrition, especially in the dietary pattern of lowincome groups of people in developing countries. Legumes, considered as poor man's meat, are generally good sources of nutrients (Önder & Babaoğlu 2001 , Tharanathan & Mahadevamma 2003 , Shimelis & Rakshit 2005 . Food mineral content is one of the essential phenomena for man. One purpose of the breeding is to find the solution for micronutrient deficiencies. Seed mineral content might be under the effects of soil, cultural practices, climate and genetic structure. Common bean has a great diversity of phenotypes in terms of seed size, colors and mineral composition, exposing the rich genetic diversity among the species (Papa et al. 2005 , Gonçalves Ceolin et al. 2007 ). Breeders should pay attention to the importance of bioconservation and biodiversity . A remarkable characteristic of common bean is a grand flexibility of seed coat and patterns. As it is well known, it exhibits a complicated genetic inheritance (McClean et al. 2002 , Bassett 2007 and is one of the main features in breeding programs. Color of bean seeds is created by the existence and content of flavonol glycosides, anthocyanins and condensed tannins (proanthocyanins) (Beninger & Hosfield 2003 , Gu et al. 2003a , Gu et al. 2003b , Aparicio et al. 2005a , Aparicio et al. 2005b . Seed nutrient contents are significant to assure food production and to realize the genetic, biochemical and physiological mechanisms supporting extra amounts of association of the main source compounds in the seeds, such as minerals (Coelho & Benedito 2008) .
Recently developed bean cultivars are continually being improved and emerged from the research centers, such as Ethiopian. The economic value of a new cultivar is related to its yield, rate of maturity, resistance to diseases, seed size, color, original scientific paper / originalni naučni članak www.nsseme.com/journal.html nutritional quality, cooking time, the flavor and texture of a cooked food. The selection criteria have usually been resistance to diseases, yields and rate of maturation, but much lesser nutritive quality (FSPT 2001) as it is also seen in Turkey ). Path analysis is a useful tool that provides determination of the selection criteria for plant breeders (Önder 1995 , Önder 1996 , Önder & Akçin 1996 , Önder & Şentürk 1996 , Önder & Babaoğlu 2001 . From this point, the scientific researches need to be explained by their whole findings in terms of tested characteristics, relations between the features and direct and indirect effects of each component on the other properties.
The purpose of the present study was to determine effect of seed color on nutritional composition and path analysis for protein content of dry bean genotypes that are widely grown in Turkey. The research findings should allow us to select and specify the relations of mineral content and seed color of all studied genotypes.
Materials and Methods
Color of seed coat and cotyledon in a total of 39 dry bean genotypes ( On each sample, the data was recorded as following: L (Lightness) = from black (0) to white (100); a (red-purple = positive value and green-bluish = negative value); b (yellow = positive value and blue = negative value). Mineral contents (Ca, B, Cu, Fe, K, Mg, Mn, Mo, P and Zn) were determined by ICP-AES (Varian Vista Model) while protein ratio was determined by Kjeldahl device.
The means of tested characteristics of the genotypes were used in a different study which is entitled as "Some Quality Properties Relationships of Common Bean Genotypes That Grown in Konya Province" as an oral presentation in Hatay/ Turkey ).
Correlation analyses were made by JUMP computerized statistical program. Path analysis was made using the TARIST program. Correlation coefficients were calculated to test the connection between seed color and other analyzed characteristics in the first step. Then, correlation was calculated between all tested characteristics.
Path coefficients were separated into direct and indirect effects using protein ratio as the dependent variable. 
Results and Discussion
Protein ratio of the dry bean genotypes in the present study ranged from 20.11% to 28.59%, while content of the analyzed minerals ranged as following: P: 0.09%-0.51%; K: 0.12%-2.03%; Ca: 0.01%-0.19%; Mg: 0.01%-0.13%; Fe: 2.02-53.83 ppm; Mn: 0.12-95.76 ppm; B: 1.03-16.10 ppm, Zn: 3.10-30.88 ppm; Cu: 0.94-10.00 ppm; Mo: 0.00-16.54 ppm.
There were significant and positive correlations between all tested minerals (Ca, B, Cu, Fe, K, Mg, Mn, Mo and P) at the level of p<0.01. Protein rate showed a level of p<0.05 positive correlation coefficient with Cu (0.239) and P (0.277). Table 2 indicates correlation coefficients between all tested characteristics.
Correlation analysis showed that color of the seed coat and cotyledon has insignificant correlations with nutritional composition. Consequently, the color of common bean seeds did not provide enough information on the mineral composition.
According to the Path analysis, copper (Cu) and phosphorus (P) were found as important nutrients at the statistically important level of 5% with the positive correlation values of 0.239 and 0.277, respectively. Shimelis & Rakshit (2005) found these values as it is seen in the following line: L=28. 82-73.97; a=1.69-14.39 and b=5.71-25.39 respectively. Differences between the colors could be based on genetic bases, environment conditions, soil characteristics and cultural practices .
Results of the present study suggest that selection based on increased protein ration should be based on the content of Cu and P in dry bean genotypes. In breeding programs, content of K and value of Testa L color could be also suggested to improve protein ratio due to their strong direct effects.
Present study showed similar data to previous researches. Dry bean contains some bioactive components connected with health benefits. However, some facts are still unknown, such as their role on chronic-degenerative diseases (Reynoso-Camacho et al. 2006) . Duranti & Gius (1997) reported that proteins are the major legume components and they have nutritional and functional characteristics that emphasize qualitative and technological features. Gonzalez et al. (2006) stated that high yielded genotypes had higher protein ratio. Content of minerals in plant seeds varies in a wide range (Thompson & Troeh 1973) . Correlations between mineral compositions put forward parallel results that show that increasing of one mineral might increase content of the other minerals (Beebe et al. 1999) . Nutritional values of the legumes are affected by many factors. Therefore, definition of common bean promoters would provide a more direct expression with potential energy savings for the plants (Coelho & Benedito 2008 ).
Knowledge about nutritional values of the food should be one of the main purposes in breeding programs. Dry bean has high adaptation ability over the world and is an important source of food. Researchers need to determine the quality characteristics of the present genotypes. Present research implicated that there is a wide range among the local dry bean genotypes in terms of their nutritional features. In future, breeding programs may use local genotypes as parents, according to the results.
